Introduction {#Sec1}
============

*Candida* is a fungal pathogen and the commonest opportunistic fungi in human \[[@CR1]\]. The genus *Candida* has over 350 heterogeneous species, but only a few of them have been known to cause an opportunistic human disease \[[@CR2]\]. Among the various *Candida* species that cause disease in human includes *Candida albicans, Candida glabrata, Candida tropicalis, Candida krusei, Candida parapsilosis, Candida dubliniensis, Candida guillermondii,* and *Candida kyfe* \[[@CR3]--[@CR6]\].. However, *Candida* species are normal floras in mucosal surfaces of the human gastrointestinal tract, genitourinary tract, and mouth. It causes different types of diseases ranging from superficial infection to life threatening invasive and haematogenic infections \[[@CR7]\].

Vaginal candidiasis is the most common type of fungal disease all over the world which affects the genital tract of women \[[@CR8], [@CR9]\]. They are the main cause of vaginitis next to bacteria and is characterized by vaginal pruritis, thick white vaginal discharge, itching, inflammation of vulva and dyspareunia \[[@CR10]\]. Based on the clinical presentation and antifungal response, vaginal candidiasis can be classified as either uncomplicated or complicated. Uncomplicated vaginal *Candidiasis*, mostly caused by *C.albicans* causes mild to moderate symptoms. Whereas complicated vaginal candidiasis is mostly caused by non*-albicans Candida* species and are common among immune-compromised individuals and pregnant women \[[@CR10]\].

The disease is more frequently seen among reproductive age group of women. Women of the childbearing age group face at least one episode of vaginal candidiasis in their lifetime \[[@CR11]\]. There are several predisposing factors that may increase the development of vaginal candidiasis; these are being diabetes mellitus patient, HIV infection, using contraceptive, pregnancy and broad-spectrum antibiotics \[[@CR12]\]. Numbers of gravida and stage of pregnancy have their own contribution to the development of vaginal candidiasis. A study showed that women in their 3rd trimester had the highest infection occurrence \[[@CR12], [@CR13]\]. Similarly, multigravida women have been more commonly affected than primigravidae \[[@CR13]\].

Although the disease is a common problem among the reproductive age group of women, the incidence of the disease is higher in pregnant women than non-pregnant women because of a number of normal and expected physiological changes that favor the growth of *Candida* in the genitourinary tract \[[@CR8]\]. Moreover, during pregnancy the levels of reproductive hormones such as progesterone and estrogen will be elevated which has suppressive effects on the anti-*Candida* activity of neutrophils and inhibits the activity of vaginal epithelial cells respectively \[[@CR8]\]. In addition Estrogen decreases immunoglobulins secretion in the vagina resulting an increased vulnerability of pregnant women to vaginal Candidiasis \[[@CR13], [@CR14]\] and estrogen also helps to provide high glycogen content in the vagina which serves as a carbon source for *Candida* species \[[@CR8]\].

Vaginal candidiasis has different outcomes; the commonest problems are physical and psychological discomfort and suffering. Sometimes the disease itself might be life-threatening \[[@CR9], [@CR13]\]. During pregnancy, the problem is more serious since *Candida* colonization associated with preterm birth, infant mortality \[[@CR15]\] and pregnant women can even contaminate their infants up to 65%, this will result in invasive neonatal candidiasis \[[@CR16]\].

Recently, the incidence of vaginal candidiasis is markedly increasing due to *Candida* species resistant to the commonly used antifungal agent and recurrent infections (11, 14). Recurrent vaginal candidiasis is a relatively frequent condition and may have serious health consequences, like chronic vulvovaginal pain syndrome \[[@CR17], [@CR18]\]. The main reason for the increment of non*-albicans Candida* species such as *C.glabrata, C.krusei,* and *C.parapsilosis* is due to extensive use of azole drugs \[[@CR19]\]. Studies revealed that the prevalence of candidiasis is high in low economic class and illiterate women \[[@CR14]\]. In Ethiopia there is scarcity of information on candidiasis. Therefore this study was designed to estimate the prevalence, associated risk factors and antifungal drug susceptibility profile among pregnant women in one of the district public hospital in northwest Ethiopia.

Methods {#Sec2}
=======

A hospital-based cross-sectional study was conducted from February to June 2017 at Debre Markos Referral Hospital. The hospital is located in Debre Markos town, which is located 300 km northwest of Addis Ababa, the capital city of Ethiopia. Pregnant women who were attending antenatal care at Debre Markos Referral Hospital gynecology and obstetrics clinic were included using systematic random sampling. Women with gynecologic complication, currently on treatment for antifungal therapy, involuntary to participate in the study, and those who were unable to provide vaginal specimen were excluded from the study. Randomization was done after the inclusion criteria, hence 384 study subjects were randomly selected from 1581 pregnant women. Single population proportion was used to estimate the sample size based on the proportion of 50% as there was no previous study conducted in Ethiopia. A confidence level of 95% with an error margin of 0.05 was used for estimation of the sample size.

Data and sample collection {#Sec3}
--------------------------

Socio-demographic status and other possible risk factors were obtained from the study participant using structured questionnaires after informed consent was collected. A vaginal specimen was collected from each participant using a sterile cotton swab moisten by physiological saline then inserted and rotated gently to pick up the specimen \[[@CR26]\].

Laboratory diagnosis {#Sec4}
--------------------

### Culture of Candida species {#Sec5}

The vaginal swab was initially inoculated on Sabouraud Dextrose Agar (Oxoid, UK), then it was incubated at 37 °C for 24 to 48 h. Then white creamy colonies were identified, A fungal suspension on normal saline was made and inoculated onto selective *Candida* HiVeg medium (Hi-Media Laboratories, India) then it was again incubated at 37^0^c for 24 to 48 h. Brown to black pigmented colonies were detected in positive samples. For further identification, the colonies were sub-cultured onto HiChrome agar (Hi-Media Laboratories, India) by incubating at 37 °C for 24 to 48 h. Finally different *Candida* species were identified based on the reaction between specific enzymes of different *Candida* species and a chromogenic substrate which results in the formation of different colony colors \[[@CR6]\].

Moreover, Germ tube production in serum was used for identification of *Candida* species \[[@CR35]\]. Hence to differentiate *C.albicans* from non*-albicans*, a colony of yeast was added to a sterile test tube which contains 0.5 ml human serum and incubated at 37 °C for 3 h then a loop full sample was placed on a microscopic slide and covered by cover glass. Finally germ tube formation was observed under a microscope \[[@CR28]\].

### Confirmation of identified Candida species {#Sec6}

*Candida albicans* had a green colony on Chrome agar and positive for germ tube formation, *C.krusei* formed a pink and spreading colony, *C.tropicalis* formed a dark blue colony while *C.glabrata* colonies appeared as a cream to a white smooth colony.

### Antifungal susceptibility test {#Sec7}

Antifungal susceptibility testing was performed for all *Candida* isolates using a modified disc diffusion method as per Clinical Laboratory Standard Institute guideline by adding 2% glucose and 0.5 μg/mL Methylene Blue dye into Mueller-Hinton agar. A suspension was prepared using normal saline by adding five different colonies and incubating overnight in Sabouraud dextrose agar. Then the suspension was compared to 0.5 McFarland standards. Cotton swab moistened with the fungal suspension was streaked on modified Mueller-Hinton media. Antifungal discs including amphotericin B 100 μg, clotrimazole10μg, fluconazole25 μg, itraconazole10 μg, and ketoconazole10 μg (Oxoid, UK), were placed on Mueller-Hinton agar using disk dispenser, and the plates were incubated at 37^0^C for 24 h. Finally, the zones of inhibition (Zone diameters) were measured and interpreted according to CLSI guideline (M44-A2).

Data analysis {#Sec8}
-------------

Data was entered using EpI7 and exported to SPSS Version- 21 statistical package for analyisis. Descriptive statistics, numbers, frequencies, percentages and tables were used to describe the findings. Moreover, bivariable and multivariable logistic regressions were used to assess the association between dependent and independent variables. *P* value less than 0.2 at 95% CI during bivariable analysis was further computed using multivariable logistic regressions to avoid the effect of confounding. Finally *p*-value \< 0.05 at 95% CI, was considered statistically significant.

Results {#Sec9}
=======

Socio-demographic characteristics of study participants {#Sec10}
-------------------------------------------------------

A total of 384 pregnant women were included in this study. The ages of the study participants ranged from 18 to 40 years and the mean age was 25.79 year. Among the study participants, 291 (75.8%) were from urban area. The majority, 371 (96.6%) were married (Table [1](#Tab1){ref-type="table"}). Table 1Socio-demographic characteristics of study participants at Debre Markos referral hospital, Northwest Ethiopia, May 2017CharacteristicsFrequencypercentage 18--2519450.5 26--3316442.7 34--40266.8Residence Urban29175.8 Rural9324.2Educational level Illiterate7519.5 Primary5013 Secondary10126.3 Collage/university15841.1Occupation Daily labor205.2 Farmer287.3 Governmental employee10427.1 House wife12432.3 Merchant8221.4 Private employee133.4 Student133.4Marital status Single82.1 Married37196.6 Divorced51.3Total384100

Prevalence of vaginal *Candida* species {#Sec11}
---------------------------------------

Of the total 384, 96 (25%) were positive for *Candida* species. The predominant *Candida* species was *Candida .albicans* 54(56.25%) followed by *C.krusei* 21(21.9%). Non-albicans *Candida* species accounts 42 (43.75%) (Table [2](#Tab2){ref-type="table"}). The highest prevalence of *Candida* species was observed in the age range \[[@CR30]--[@CR36]\] year with 10(38.5%) followed by age range 26--33 year 51(31.1%) while; the lowest prevalence was observed in the age range \[[@CR18]--[@CR25]\] years 35(18.0%). Table 2Frequency of *Candida* species isolated from pregnant women at Debre Markos referral hospital, Northwest Ethiopia, May 2017IsolatesNumberPercentage*Candida albicans*5456.3*Candida glabrata*1717.7*Candida tropicalis*11.0*Candida krusei*2121.9Other /unidentified33.1

Risk factors {#Sec12}
------------

The possible risk factors of *Candida* colonization were assessed including HIV (immuno-compromization), frequent use of contraceptives, prolonged antibiotic use, number of gravidities and gestational period among others. Out of the total of 384 study participants; 40(10.4%) HIV positive, 267(69.5%) contraceptives users, 60(15.6%) antibiotic users and 205(53.4%) Multigravida pregnant women were participated. Of those factors, frequent use of contraceptives (use of oral or injectable contracteptives on daily, monthly or quarterly basis) (AOR: 0.394; 95% CI = 0.20--0.74) and prolonged antibiotic use (taking antibiotics for more than two weeks) (AOR: 0.393; 95% CI = 0.21--0.72) was significantly associated with vaginal Candidiasis with P.value 0.003 and 0.004 respectively (Table [3](#Tab3){ref-type="table"}). Table 3Association of variables with *Candida* colonization among pregnant women at Debre Markos Referral hospital, Northwest Ethiopia, May2017Characteristics*Candida*Crude-OR\
(95.0% CI)Adjusted-OR\
(95.0% CI)PositiveNegativeTotalOR (Lower-Upper)OR (Lower-Upper)*p*-value18--2535(18%)159(82%)194(50.5%)126--3351(31.1%)113(68.9%)164(42.7%)2.050(1.25--3.35)1.89(1.02--3.49).04134--4010(38.5%)16(61.5%)26(6.8%)2.839(1.18--6.78)2.27(1.01--7.30).046Symptom Symptomatic46(40.5%)67(59.3%)113(29.4%)3.035(1.86--4.92)2.69(1.60--4.52)\<.001 Asymptomatic50(18.7%)221(81.5%)271(70.6%)1antibiotic use No68(21%)256(79%)324(84.4)1 Yes28(46.7%)32(53.3)60(15.6%).034 (0.17--0.53).393(0.21--0.72).003Contraceptive use No15(12.8%)102(87.2%)117(30.5%)1 Yes81(30.3%)186(69.7%)267(69.5%).338 (0.18--61).394(0.20--0.74).004Gravidity Primigravida36(20.1%)143(79.9%)179(46.6%)1 Multigravida60(29.3%)145(70.7%)205(53.4%).608(0.37--0.97).909(0.49--1.67).758HIV status Negative82(23.8%)262(76.2%)344(89.6%)1 Positive14(35%)26(65%)40(10.4%)1.720(.85--3.44).629(.54--2.71).629Gestational period 1st trimester9(23.1%)30(76.9%)39(10.2%)1 2nd trimester32(23.7%)103(76.3%)135(35.2%)1.036(.44--2.40).937(.37--2.35).890 3rd trimester55(26.2%)155(75%)210(54.7%)1.183(.52--2.64)1.040(.43--2.50).930

Antifungal susceptibility patterns of *Candida* species {#Sec13}
-------------------------------------------------------

Antifungal susceptibility, testing was performed on 96 vaginal isolates of *Candida* species. All isolates of *Candida* species except *C.krusei* were 100% sensitive for amphotericin-B. Out of 54 *C.albicans* 4(7.4%), 29(53.7%), 38(70.4%), 29(53.7%) were resistant to clotrimazole, fluconazole, ketoconazole and itraconazole, respectively. All isolates of *C.glabrata* were 100% sensitive to fluconazole, whereas; 2(11.8%), 13(76.5%), 7(41.2%) of the isolates were resistant against clotrimazole, itraconazole, and ketoconazole, respectively. The majority, 20(95.2%) of *C.krusei* were sensitive to clotrimazole. One isolate of *C.tropicalis* was sensitive to clotrimazole and fluconazole but it was resistant to itraconazole (Table [4](#Tab4){ref-type="table"}). Table 4Antifungal susceptibility pattern of *Candida* species isolated from pregnant women at Debre Markos referral hospital, Northwest Ethiopia, May 2017Antifungal agentAntifungal susceptibility pattern*Candida albicansCandida glabrataCandida tropicalsCandida krusei*OthersNumber (%)Number (%)Number (%)Number (%)Number (%)amphotericin BS54(100)17(100)1(100)15(71.43)3(100)SDD0(0)0(0)0(0)0(0)0(0)R0(0)0(0)0(0)6(28.57)0(0)ClotrimazoleS42(77.8)11(64.7)1(00)20(95.2)3(100)SDD8(14.8)4(23.53)0(0)0(0)0(0)R4(7.4)2(11.76)0(0)1(4.7)0(0)FluconazoleS24(44.44)17(100)1(100)18(85.71)2(66.67)SDD1(1.85)0(0)0(0)1(4.7)1(33.33)R29(53.7)0(0)0(0)2(9.5)0(0)ItraconazoleS9(16.67)1(5.88)0(0)1(4.7)0(0)SDD16(29.62)3(17.64)0(0)11(52.38)0(0)R29(53.7)13(76.47)1(100)9(42.86)3(100)ketokonazoleS8(14.8)3(17.64)0(0)4(19)1(33.33)SDD8(14.8)7(41.17)1(100)9(42.86)0(0%)R38(70.37)7(41.17)0(0)8(38)2(66.67)Total54(56.3%)17(17.7%)1(1%)21(21.9%)3(3.1)S- Sensitive SDD --Sensitive Dose Dependant R-Resistance

Of the total five antifungal drugs; resistance proportion was highest for itraconazole and ketoconazole with 55(57.3%) (Table [5](#Tab5){ref-type="table"}). Resistance rate was highest among *C.albicans* constituting 37(70.4%). Among *C.glabrata isolates* 2(11.8%) and 7(76.5%), was reported for clotrimazole and itraconazole respectively. From the 96 isolates, Multi-drug resistant *Candida* was confirmed from 35*Candida albicans*, 5*Candida glabrata*, 4*Candida krusei*, and 2unidentified *Candida* isolates (Table [6](#Tab6){ref-type="table"}). Table 5Total susceptibility pattern of *Candida* species isolated from pregnant women at Debre Markos referral hospital, Northwest Ethiopia, May 2017Antifungal drugSensitiveIntermediateResistanceNumber%Number%Number%Amphotericin B9093.8--66.3Clotrimazole7780.21212.577.3Fluconazole626433.13132.3Itraconazole1111.53031.35557.3Ketokonazole1616.725265557.3 Table 6Multiple resistance patterns of *Candida* isolates among pregnant women at Debre Markos Referral Hospital, Northwest Ethiopia, May, 2017Isolated *Candida*Antibiogarm patternsNumberR0R1R2R3R4*Candida albicans*54(56.3%)13(24.07%)6(11.11%)7(12.96%)25(46.29%)3(5.55%)*Candidaglabrata*17(17.7%)6(35.29%)6(35.29%)2(11.76%)3(17.64%)0(0%)*Candidatropicals*1(1.0%)0(0%)1(0%)0(0%)0(0%)0(0%)*Candidakrusei*21(21.9)5(23.8%)12((57.14%)1(4.76%)3(14.28%)0(0%)Others3(3.1%)0(0%)1(33.33%)2(66.66%)0(0%)0(0%)Total96(100)24(25%)26(27.08)12(12.5%)31(32.29%)3(3.12%)R0 = No antifungal resistance R1 = Resistant to one antifungal agent R2 = resistant to two antifungal agent R3 = Resistant to three antifungal agent R4 = Resistant to four antifungal agent

Discussion {#Sec14}
==========

The present study showed that the overall prevalence of *Candida* species among pregnant women 25% was similar with a study done in Nigeria (24%) \[[@CR26]\] and Saudi Arabia (26%) \[[@CR28]\]. While it is less than other studies which was conducted in Cameroon,55.4% \[[@CR27]\] and Kenya 90.38% \[[@CR36]\]. This great variation might be due to the difference in the study design that the present study includes pregnant women with signs and symptoms of fungal infection.

In the current study the predominant *Candida* species isolated was *C.albicans;* it accounts 56.3% which is comparable with the study done in Nigeria Minna*,* (50%), Kenya *C.albicans* 60(63.83%) \[[@CR3], [@CR36]\]. The highest frequency of *Candida* colonization (38.5%) was observed in the age group of \[[@CR30]--[@CR36]\] years, followed by the age group of 26--33(31.1%). This finding is in contrast to a study done in the southwestern part of Nigeria which showed no isolates recorded from the age group above 30 \[[@CR28]\]. The difference may be due to environmental, ethnic, socio-economic and cultural factors.

Moreover, the current study showed that age group of women between 26 and 40 was with high *Candida* colonization which is consistent with a study conducted in India 49.6% \[[@CR29]\] and Kenya 56(60%) \[[@CR36]\]. The reason for this might be related with women at this age group do secrete high concentration of reproductive hormones which can suppress the immune system and creates favorable condition for *Candida* colonization \[[@CR9]\]. The other possible reason is related with use of antibiotics which kills bacteria including normal floras thereby *Candida* will have an opportunity to invade the vaginal wall \[[@CR21]\].

The present study revealed that prevalence of *Candida* was higher in women who were using contraceptives (30.3%) than non-users (12.8%),this finding was similar with a report in India with 20.51 and 13.52%, respectively \[[@CR14]\]. Moreover, this study showed that the use of antibiotics (46.7%) for prolonged duration was the risk (P.value = 0.003) for vaginal colonization with *Candida* species. This finding is consistent with the study conducted in India \[[@CR29]\]. The reason might be antibiotic disturbs (eliminates) the normal flora of the human body which is important for defending pathogenic organism as a result high *Candida* colonization will occur \[[@CR29]\].

The current findings showed that there were no significant differences between gestational period and *Candida* colonization. The detection rate of *Candida* in the first, second and third trimester were 23.1, 23.7, 26.2% respectively which agreed with a study done in India which shows there was no significant difference between gestational period \[[@CR25]\]. However, our findings are in contrast with another study in Kenya which revealed that 3rd trimester had the highest number of vaginal *Candida* species isolated with (68.09%), followed by 2nd trimester (21.28%) and the least number of species was recorded in 1st trimester with (10.63%) \[[@CR36]\]. On the other hand study in Nigeria, the proportion of *Candida* was higher in the second trimester (61%) of pregnancy followed by third (21.4%) and first (16.7%) \[[@CR3]\]. this difference may be due to the sample size and the study participants that we included were pregnant women with and without symptoms of vaginal infection.

Multigravidae (61.5%) women had a high rate of *Candida* colonization than primigravidae (38.5%). Similarly, a study in Pakistan revealed that multigravidae women more commonly affected than primigravidae the result was (60%) and (40%) respectively \[[@CR13]\]. Moreover study in Nepal \[[@CR24]\] complements our finding, the reason is related to the rate of infection increases with the number of pregnancy (3rd \> 2nd \> 1st) thereby frequency of pregnancy reduces immunity; hence *Candida* colonization might be intense.

*Candida* species have different susceptibility to different antifungal agents. In our study, a high resistant rate was observed for itraconazole and ketoconazole with 57.3%. This finding was similar with a study done in Brazil \[[@CR37]\].. Moreover; 64% of the isolates were sensitive to fluconazole which agreed with the study done in the Northern part of India \[[@CR21]\]. Of the five antifungal drugs which were tested for susceptibility, amphotericin-B was the most effective drug. Our finding was similar with studies in India with 90% \[[@CR38]\] and Ghana with 87.2% \[[@CR39]\]. The reason for this higher sensitivity of amphotericin-B compared to others is that it is not regularly prescribed and used extensively because of its expensive cost, difficulty to administer it and high toxicity it imposes on kidney. Therefore, the less the drugs are used the less the drug becomes resistant his it is.

The present study showed that clotrimazole was the most effective antifungal drug when compared to other azole group drugs such as ketoconazole, itraconazole, and fluconazole that had 80.2% effectiveness. This finding was complemented with other study conducted in Pakistan which revealed clotrimazole with 70% sensitivity was found to be the most effective antifungal drug \[[@CR33]\].

Conclusions {#Sec15}
===========

A high prevalence (25%) of *Candida* species in this study was reported. The predominant species was *C.albicans*, followed by *C.krusei, C.glabrata, C.tropicalis* and other unclassified *Candida* species. With the prevalence of 56.25, 21.9, 17.7, 1 and 3.1% respectively. The proportion of *Candida* from pregnant women with symptoms of vaginal infection was significantly higher than those without signs and symptoms. Moreover, *Candida* prevalence was reported high among age groups in the range of 26--40 years of age. Use of antibiotic for longer duration and contraceptive use were the risk for *Candida* colonization. Antifungal drug susceptibility showed that amphotericin B was the most effective antifungal drug. Most of *Candida* species were resistant to itraconazole and ketoconazole. A high rate of multiple drugs resistant *Candida* species was detected. Therefore, pregnant women should be regularly screened for Candida colonization, proper prophylaxis and treatment should be provided.
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